Reverse transcription (RT) together with the polymerase chain reaction (PCR) provides a powerful tool for detection of rare mRNAs. (1, 2) The use of primers from separate exons is assumed to eliminate amplification of genomic DNA targets of similar size; however, this assumption overlooks processed pseudogenes, which can yield PCR fragments similar in size to those expected from cDNA. The following example illustrates this problem.
RNA samples used in RT-PCR are usually assayed for cytoplasmic 13-actin mRNA. This is essential to verify that absence of an amplification product is caused by absence of the message being sought and not due to degradation of the mRNA. During RT-PCR studies on RNA from SV40-transformed h u m a n m a m m a r y epithelial cells (FR2), a strong signal of the size expected from 13-actin mRNA was obtained both in the positive control (Fig. 1, lane 3) and in a negative control without reverse transcriptase (lane 4). To rule out possible effects of genomic rearrangements in continuous lines, these controls were repeated with RNA from normal h u m a n muscle satellite cells, again yielding products of the expected size, both in the positive control (lane 8) and in the negative control without reverse transcriptase (lane 9).
A c o m m o n source of PCR contamination is a cDNA clone that includes the sequence being amplified. (3) However, the only ~-actin cDNA in the laboratory was a partial clone lacking the sequence in question. Also, the absence of amplification products in template-free controls (lanes 2 and 7) and with the partial cDNA as template (lane 6) both suggest that the contaminating template was introduced with the RNA samples.
The possibility that h u m a n genomic DNA might contain the template was examined by PCR with the ~-actin primers. A product identical in size to those obtained from the RT-PCR reactions was obtained (lane 5). Partial sequencing demonstrated that the genomic amplification product differed from the expected 13-actin sequence by about 10% (data not shown), several of those resulting in n o n s y n o n y m o u s substitutions. A computer search revealed a processed 13-actin pseudogene, (4) which with the same primers would yield an amplification product of 541 bp that could not be distinguished on gels from the 540-bp product expected from authentic 13-actin cDNA. A further literature search revealed the presence of at least 19 processed 13-actin pseudogenes scattered among three chromosomes. (s) Finally, to confirm that genomic DNA was serving as the template in the FIGURE 1 Agarose gel electrophoresis of ~-actin PCR products. Profiles used: A, 1 rain at 94~ 2 min at 55~ 2 rain at 72~ x 35 cycles. B, 5 min at 94~ 2 rain at 60~ 3 min at 72~ x 1 cycle; 2 min at 94~ 2 rain at 60~ 3 min at 72~ x 10 cycles; 1 min at 94~ 1 min at 60~ 3 rain at 72~ x 20 cycles; 1 rain at 94~ 1 min at 60~ 5 min at 72~ Contaminating cDNA for the target in question is admittedly the most serious source of contamination in RT-PCR reactions. These observations, however, clearly illustrate that processed pseudogenes can also be a serious source of contamination in such studies.
